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i  nmooocnoa 

|  This  sswnidas  staanarises  results  of  s  study  conducted  at  RSRE  into 

development  of  methods  suitehls  to  determine  the  oxygen  and  carbon  content  of 
device  quality  silicon  wafers  using  msasuremeats  based  on  local  mode  Infrared 
absorption  at  1106  cm  *  and  605  cm”* .  The  equipment  consists  of  s  Perkin  Elmer 
SION  dispersive  ratio  recording  infrared  spectrophotometer  and  a  model  3500  data 
station.  All  computing  was  carried  out  using  standard  BASIC  as  supplied  with  the 
data  station.  The  emphasis  of  the  work  has  been  to  develop  quick,  non  destruc¬ 
tive  methods  which  are  as  insensitive  as  possible  to  surface  finish  and  other 
interferences.  In  keeping  with  these  constraints  no  attempt  has  been  made  to 
use  low  temperature  measurements  or  special  sample  preparation  techniques.  1 Vr 
differing  mathematical  methods  havs  bean  used  to  analyse  the  spectra.  The  first 
is  based  on  integrated  area  measurements  and  the  second  on  a  curve  fitting  method 
1  developed  at  RStl.  While  there  is  little  to  chose  between  the  two.  the  curve 

fitting  method  offers  improved  performance  for  difficult  and  heat  treated  samples. 
The  method  has  been  routinely  used  at  RSRS  for  over  a  year  with  no  problems. 
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Copies  of  tbs  program,  skieb  include  provision  for  fully  eu too* tic  control  of 
the  spectrophotometer  ere  eve liable  oa  request. 


2  camasion  or  musMiTZAva  to  iuouwa 


Hms  using  eny  sue  lytic  nethod  to  analyse  the  spectra  it  is  necessary 
first  to  convert  the  Measured  transmittance  to  absorbent e.  As  shown  in 
reference  1  the  epprosiaotions  ceunouly  used  nay  load  to  errors  in  naceee  of 
132  when  thin  wafers  are  aeasured.  The  effects  of  various  epp rosiest ions  for 
the  conversion  of  tranawittance  to  absorbance  have  therefore  been  eaanined. 


The  transwissioo  through  a  sanpls  with  both  surfaces  polished  way  be 
written  (neglecting  interference  effects) r 


T  -  (l-g)2esp(-e)/(l-C2esp(-2e)) 


(2.1) 


where  I  la  the  reflection  coefficient 


To  a  first  approaiaatit 


-tad)  ♦  2tn(l-ft) 


which  Is  the 
don  is 


(2.2) 


relationship.  A  inch  better  spprssinste  solw- 


-ln(T)  -  2j)  ♦  t2  (l-T^li^i)2 


(2.1) 


(MO 


(MO 


With  this  epprsnlnatlsn  the  errors  ere  lees  than  42  for  ell  values  of  a 


With  eanples  In  both  reference  and  sente 


the  corresponding  equations 


•  -  a  •  -tn(T) 


•  -  a  •  -tad)  ♦  t2eap(-2g)  (T2-! ) 


(2.4) 

(2.3) 


where  I  is  the 


is  the  reference 
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VbyiiciU;  tba  diffwwei  Mtwm  tk*  ayyroaiaat  icaa  cam>>w<«  to  tba 
iiffcrcaco  k«l«N«  ll|kt  yacc  lag  mm  tbrawgb  iM  MfUi  Mi  accawat  WU| 
Mil  af  Mltifli  nllKtiMM  vitkia  thi  mmU  (fig  l). 
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For  wait  polliM  toaylaa  ■aarnal—T  laa  I*}  aai  M  art  m  W  yrafcrrai, 

Mi  lav  wafara  wick  baavy  back  awrfaca  iaacga  it  la  gaaaibla  ikat  ref  lactic* 
at  tba  rocgb  awrfaca  la  coyyracMi  awcb  tfcat  W  aai  H  yreriic  barter  ieccriy 
liaaa.  Tkla  fatal  cm  Mlf  ba  raaalaai  by  aapariaaac  aa  ilacwaaai  latar. 


3 


Tba  cyectre  arc  acaaaai  aai  taawanai  ta  abeerboaca.  Uaaar  baaallaaa  arc 
flttai  ta  tba  aaygaa  baa i  aai  tba  catbaa/afllaaa  baai.  Tba  iatagratai  araac  la 
tba  rcaga  1120-1040  cm’1  far  tba  aqgM  baai,  UHIO  m“*  far  tba  lattice 
abaavftlaa,  llbMt  m*1  far  tba  rarbM  abaaryt  Im  ara  tbaa  aaai  ta  acapnia 
tblibaaca,  taygM  aai  carbaa  ilffaraaca  batwaM  tba  aMgla  aai  ref  areata. 


*j  •  Iatagratai  area  1120*1040  m*1  (carractai  far  baMlUa) 
Xj  •  Iatagratai  area  Mh  ilO  m*1  (carractai  far  boecliac) 
Xj  •  Iatagratai  area  410*  445  aa*1  (carractai  far  bcectie*! 


*!  •  C^IY  ♦  ct  rr<*n  1 0| 

X^  •  CjiT  *  Cj  (T*4f)  f  C| 
Ij  *  C#IT  ♦  Cj  <T«*T)  |C| 


(3.11 

(3.2) 

(3.2) 


•I  aatria  ciaarytiM  par  aait  tbicfeaaac  aaar  aayg m  baai. 

Oarfgca  abaaryt  Im  far  wait  Mjigaa  teat  cat. 
tl  aatria  cbtcrytioa  yet  wait  tbicbaaac  wear  430/410  mM  baai 
Car  baa  abaarytica  ycr  wait  ceacaatratiaa  arc r  430/410  m*1  baai 
ti  aatria  abccvyilM  ycr  wait  tbicbaaac  arct  410/343  ca  baai 
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Cj  •  Cwtw  per  alt  MKfktutMk  eee *  410/m  on'1  feat 

|  T  •  ThlcbMU  §i  ItItfNtI  Mfll 

IT  •  imOMM  /Uf«r«K«  WftwH  r«fwM(«  wi  i«|U 
|0)  •  Ovypee  ceeeaatretiea  mt  MfU 
ICI  •  OrWi  twiwuittw  ef  Maple 

i 

fetes-  tfe  tel  etwee  U  — eaaei  te  feee  ««|U|iMe  cerfee  aai  «nt*< 

Ceaateaie  CQ<j  ere  aOtalaei  aaiaf  etaaiatia  Mil  bee  apt**  a»i  ****** 
MHeet.  The  reeel  I  e  fecrlM  leiet  eeei  fee  eifeiili,  eee  1.41  as  vMd  mi 
eeateiftiaa  ee  ieteetatle  apfa  ee  cerfee  eai  eee  1.401  aa  did  ceeuUtiin 
9.1  •  to1*  etee  «l  terfee  aai  0.41  s  I0W  ecea  »*  eapfee  Cali  etna  taliAre- 
•leal.  ferae  rate  aeie  at  fee  para  aiaaiart  aalat  air  ee  a  reference  eai  da 
ef  «fe  lepare  eteafer#  aalat  Oe  pare  ataaiari  ea  e  refar ana.  felat  tale  late 
tpietleae  1.1.  1.1  eat  1.1  were  eai  art  far  C0<^. 

te  teteea fee  tfe  aaptea  eat  cerfee  teat  art  aai  tOUfeeae  ef  Mtaw  twin 
•feat  lea#  1.1  aai  1.1  ware  eel  eai  far  41  tail  Q .  ifeatlar  1.1  «m  tfea  w)«*l 
far  |  0).  fee  aealia  tfe  aaceeeltp  at  aa  ear  rife  tfe  effete  ttidam  fe  e 
eeparate  teefeifee.  ea  leeliaatel  tiewtf  la  «fet  II  afeatlea  1.1  at  l.e  l« 
eaai  «a  teaeert  traaaaltteaea  ta  afeatfeaee  tfe  errata  latraiaeai  fe  tfe 
eppiearlaetleaa  laealeei  tear  ta  taeeal  aaee  atfer  tfe  tfe  aayfei  at  carte* 
tiateaeratlaea  ere  eeeleatai.  Ifet  la  fee  illitaeei  aattaeeaa  tea#  ta  0mm 
aare  artar  tfea  eltfet  tfe  aqnea  at  tattaa  teat  eat . 
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Ife  t»  epee tree  le  ereaei  IJQO-IOOO  aa*1  aai  feO»ttO  ea*1  (at  aa  tafeirail . 
fee  4*0/140  feat  ieta  la  ptateaaai  ta  plea  tfe  tfertwei  mt  safe  teat  eat, 
fee  1 100/ 1000  aa*1  feat  apattra  la  (fee  eaci  ta  Irwtfet  tfe  rap  pat  cart  aai. 
Uasar  feealfteee  tie  afeetfete)  eta  eeaaaei  tat  feta  fed.  Alt  aalealatlare 
ate  parteraai  le  Oiwfen  aeftte. 
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M«  tape  ion  that  there  was  no  uultiple  reflection  inside  Che  wafer  (equation  2.4) 
|  gave  no  significant  improvemant  (table  4).  A  detailed  coaparison  was  made 

between  the  fitted  apeetra  and  the  actual  spectra  of  one  of  the  back  damaged 
wafers,  this  is  shown  in  figure  2,  where  it  way  be  seen  that  systematic  errors 
esist  between  the  fitted  and  actual  speetra.  To  investigate  these  errors 
|  further  a  spec true  was  created  to  correspond  to  the  best  fit  which  could  be  made 

to  the  spectrum  using  the  actual  osygen  content  of  the  wafer.  This  is  shown 
In  figure  3  compared  to  the  actual  spacers.  Also  shown  in  figure  3  is  the 
difference  spectrum  which  represents  the  residuals.  It  may  be  seen  that  these 
|  follow  a  smooth  curve  showing  that  there  is  curvature  of  the  baseline.  To 

reduce  this  source  of  error  it  was  found  most  convenient  to  reduce  the  limits 
over  which  the  data  is  fitted  to  1130/1000  cm"1.  As  shown  in  table  S  this 
greatly  reduces  the  systematic  errors  associated  with  the  back  damaged  wafers 
I  whilst  retaining  the  accuracy  of  the  measurements  for  the  chemically  polished 

wafers. 

In  table  0  data  for  wafers  have  boon  analysed  using  both  curve  fitting  and 
|  Integrated  area  methods.  The  integrated  area  method  results  used  equation 

3-4  io  convert  transmittance  to  absorbance  while  the  curve  fitting  method  uses 
agent  lam  3*3.  The  integrated  area  maaauramanta  for  oxygen  are  systematically 
It  low  primarily  because  of  the  approximation  used  to  convert  transmittance 


I 


I 


« 


* 


•eat  Treated 


•hem  Ct  silicon  la  heat  treated  precipitates  of  crystabolite  and  amorphous 
tiQj  are  formed.  These  precipitates  give  rise  to  absorptions  at  1225  cm  l, 

1120  cm*1  aad  1000  cm*1  which  overlap  the  1106  cm*1  interstitial  oxygen  band. 

An  a  result,  when  measurements  of  the  iateratitial  oxygen  are  made  using  the 
1106  cm*1  peak,  problems  arise  is  drawing  a  suitable  base  line.  With  the  curve 
fitting  method  the  be ee line  in  fitted  eeiag  dete  from  ell  the  epectrel  band  being 
emend aed.  Thin  makes  the  method  much  lees  sensitive  to  interference  from  over¬ 
lapping  bands.  To  teat  the  method  •  wt  of  2  ■  thick  samples  with  oxygen 
•entente  in  the  range  1.3  -  1*3  x  101*  atom  cm*3  (AST*  P121-76)  sod  carbon  con- 
te  ta  of  3*4  a  101*  atom  cm*1  (AST*  M2W4)  ware  prepared  and  isothemally 
annealed  ia  the  raage  630°C  -  1030°C.  figure  4  shows  examples  of  the  spectre . 
ta  additien  to  the  absorption  at  1106  cm*1  interstitial  oxygen  gives  rise  to 
a  hand  nt  313  cm*1.Shiaera  at  a/Veve  shown  that  this  absorption  is  due  to 
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wclttfttrtd  interstitial  oxygen.  This  band  suffers  very  much  less  from  overlap 
with  precipitate  bands.  It  is  not  often  used  for  quantitative  measurement  since 
it  is  Mich  less  intense  than  the  1106  cm  1  band  and  its  narrow  half-width  make 
it  unsuitable  for  wafer  measurements  where  interference  fringes  would  cause 
Severe  problems.  For  well  characterised  2mm  samples  the  515  cm  band  may  be 
weed  as  a  measure  of  the  interstitial  oxygen.  In  figures  5(a)  and  6(a)  the 
interstitial  oxygen  content  measured  by  the  peak  height  at  1106  cm  1  is 
compared  to  that  determined  from  the  515  cm  1  band.  It  may  be  seen  that  in 
the  highly  precipitated  samples  the  apparent  interstitial  oxygen  content  is 
overestimated  by  about  3  x  10^  atom  cm  This  is  due  to  the  underlying 
precipitate  absorptions.  When  the  data  were  analysed  using  the  curve  fitting 
method  in  the  range  1130/1080  cm  1  (figure  5(b)  and  6(b))  very  good  agreement 
woa  found  neasurement  with  no  sign  of  systematic  error  for  all  anneals  below 
i00O°C.  the  1050°C  annealed  samples  showed  some  sign  of  systematic  error. 

This  is  thought  to  be  due  to  a  change  in  shape  of  the  1106  cm  1  band  due  to 
pairing  of  the  oxygen  atoms  as  distinct  from  true  precipitation.  This  is 
discussed  more  fully  by  Shimura  et  al^3\ 

The  results  on  the  heat  treated  samples  show  that  the  curve  fitting  method 
Is  very  well  suited  to  making  measurements  on  spectra  where  the  band  of 
interest  is  superimposed  on  interfering  bands  of  unknown  shape. 

8  CONCLUSION 

Both  curve  fitting  and  integrated  area  measurements  may  be  used  to 
determine  the  oxygen  and  carbon  content  of  device  quality  wafers.  It  is 
leper tent  to  restrict  the  limits  over  which  the  spectra  are  analysed  or  syste¬ 
matic  errors  may  be  found  in  back  damaged  wafers.  Instrument  resolution  is 
found  to  effect  the  accuracy  of  carbon  measurement.  The  optimum  resulution  is 
e  compromise  between  the  effects  of  noise  and  interference  fringes  and  Beers 
lew  non  linearity.  Although  the  optimum  conditons  will  vary  between  instruments 
the  following  cooditons  have  been  found  to  give  satisfactory  results: 

Besoletiont  7  cm”1  oxygen  band 
3.5  cm”1  carbon  band 

Curve  Fitting  method:  1130  -  1080  cm”1  for  oxygen 

640  -  580  cm”1  for  carbon 


Integrated  Area  method: 


Baseline:  1130/1120  and  1090/1080  for  oxygen 
:  640/630  and  595/580  for  carbon 

Peak  Area:  1120/1090  cm  ^  for  oxygen 

630/610  cm  *  for  silicon  +  carbon 
610/595  cm  *  for  carbon  +  silicon 

In  both  cases  the  scan  speed  should  be  chosen  to  give  the  desired  com¬ 
promise  between  accuracy  and  analysis  time. 

ACKNOWLEDGEMENTS 

I  am  grateful  to  W  P  Brown  and  the  Materials  Department  at  Mullards 
Southampton  for  the  preparation  of  the  wafers  and  heat  treated  material  used 
in  this  study. 

REFERENCES 

(1)  Determination  of  Oxygen  Concentration  in  Silicon  and  Germanium  by  Infra¬ 
red  Absorption.  W  Thurber,  NBS  Technical  Note  529  (May  1970). 

(2)  D  Warren-Vidrine  Anal.  Chem.  (1980)  52,  92-96. 

(3)  Fumio  Shimura,  Yoshitake  Ohnishi,  Hideki  Tsuya,  Appl.  Phys.  Lett.  (1981) 
38,  867. 


. .  « 

-  f-',!  f'-‘  ‘ 

T1  T  PUBLIC- 

^,Toa*®-*  osoamsat^ns 


,1 


TABLE  2 

EFFECT  OF  REFERENCE  THICKNESS  WITH  2ms  NOMINAL  THICKNESS  SAMPLES 
Integrated  Area  Method 


Oxygen 

Silicon  +  Carbon 
Carbon  +  Silicon 


Peak 

Upper  Baseline 

Lover  Baseline 

1125/1090 

626/612 

607/602 

1180/1145 

648/632 

648/632 

1065/1030 

607/602 

607/602 

Oxygen  Carbon 

(xlO1®  atom  cm  "*)  (xlO1^  atom  cm”'*) 


Sample 


Reference  Thickness 

1.910 

2.000 

0 

1.67 

1.67 

1.69 

1.33 

1.32 

1.35 

.85 

.84 

.86 

Reference  Thickness 

1.910 

2.000 

0 

3.2 

3.6 

2.5 

5.2 

5.4 

4.9 

13.1 

13.2 

12.2 

Thickness 

(mm) 


Reference  Thickness 

1.910 

2.000 

0 

1.931 

1.939 

1.924 

1.975 

1.985 

1.964 

1.963 

1.971 

1.949 

Curve  Fitting  Method 


Oxygen  band:  1180/1030  cm" 
Carbon  band:  640/580  cm 


Sample 

R 

1 

#2 

#14 

#29 

1 

1 

Oxygen 

18  — 
(xlO  atom  cm 


Reference  Thickness 
1.910  2.000  0 


Carbon 

(xlO*^  atom  cm  ^ 


Reference  Thickness 

1.910 

2.000 

0 

3.4 

3.7 

2.5 

5.2 

5.5 

5.0 

13.2 

13.3 

12.4 

Thickness 

(mm) 


Reference  Thickness 

1.910 

2.000 

0 

1.931 

1.940 

1.934 

1.977 

1.987 

1.974 

1.965 

1.976 

1.960 

TABLE  3 

CURVE  PITTING  METHOD  ON  WAFERS 


Scan  Linita  1130/1080  cn~l  and  640/580  cn~*  Rafaranca  Baaa  -  Attenuator  aat 
to  54Z.  All  Uafara  Chen  Polisbad. 


WAFER 

ACTUAL 

OXYGEN 

x  10*® 

MEASURED 

OXYGEN 

atoa  cm-3 

ACTUAL  MEASURED 
CARBON  CARBON 

x  1016  aton  cn"3 

ACTUAL 

THICKNESS 

un 

MEASURED 

THICKNESS 

TRANSMISSION 

^  JI1 - 

_ 1 

A 

in 

— 

1.4 

2.9 

360 

347 

H 

B 

I  I 

mm 

2.1 

3.0 

338 

331 

H 

C 

1.47 

to 

2.8 

2.7 

364 

306 

H 

D 

1.29 

1.33 

3.9 

4.1 

364 

348 

H 

E 

1.2* 

1.12 

6.0 

6.6 

339 

328 

H 

F 

1.61 

1.55 

4.0 

4.4 

364 

370 

M 

G 

1.47 

1.49 

5.0 

5.0 

369 

357 

H 

mm 

1.38 

1.10 

7.8 

6.9 

338 

361 

M 

■a 

1.71 

1.65 

3.0 

2.8 

351 

338 

H 

B 

1.53 

1.43 

4.0 

2.0 

372 

409 

L 

1.40 

1.31 

5.0 

4.5 

359 

349 

H 

m 

1.30 

1.27 

6.8 

7.8 

364 

353 

H 

M 

1.18 

1.19 

13.4 

9.9 

377 

371 

-  i 

N 

1.78 

1.68 

.4 

.4 

340 

336 

H 

mm 

1.57 

1.51 

.7 

1.1 

342 

332 

H 

n 

1.39 

1.40 

1.2 

1.5 

343 

339 

H 

Q 

1.20 

1.18 

1.9 

1.8 

348 

348 

H 

R 

1.10 

1.28 

3.9 

mm 

368 

365 

H 

R  -  1001  -  50Z  trananiaaion 

M  -  50Z  -  20Z  trananiaaion 

L  -  20Z  -  10Z  trananiaaion 

VL  -  <10Z  trananiaaion 


TABU  S 


CmCT  or  SCAB  LOOTS  OB  OSTGOI  ICABOKDCVr 


mImUM 


Ill 


•ti  n 


